Abstract -The objective of this work was to characterize the populations of Gossypium barbadense in the states of Amapá and Pará, Brazil. In situ characterization was conducted through interviews with the owners of the plants and environmental observations. Leaf or petal tissue as well as seed samples were collected for genetic characterization by single sequence repeats markers and for storage in germplasm banks, respectively. The plants were maintained in dooryards and used mainly for medical purposes. The genetic analysis showed no heterozygous plants at the loci tested (f = 1), indicating that reproduction occurs mainly through selfi ng. The total genetic diversity was high (H e = 0.39); and a high level of differentiation was observed between cotton plants from the two states (F ST = 0.36). Conventional methods of in situ maintenance of G. barbadense populations are not applicable. The conservation of the genetic variability of populations present in the two states could be achieved through germplasm collection and establishing of ex situ seed banks.
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Introduction
Gossypium barbadense L. is an allotetraploid [2n = 4x = 52, (AD) 2 genome] cotton species native from North of Peru, and are widely distributed in Brazil (Brubaker et al., 1999; Barroso & Freire, 2003) . Two types of this cotton species are found in Brazil. The fi rst one corresponds to cultivars introduced mainly from the United States and Israel, for extra-long lint production. The planted area is small, occupying less than 0.5% of cotton area in the country. The other type is represented by traditional genotypes that have not suffered any kind of conventional breeding and descend from cotton plants cultivated by local people, before the European colonization (Neves et al., 1968; Freire, 2000) . Nowadays, G. barbadense can be found over almost all the Brazilian territory and, although it is not native from Brazil, the country is considered an important secondary center of cotton diversity.
The traditional types of G. barbadense belong to two botanical races, both present as semi-domesticated forms (Freire, 2000) . The brasiliense race was domesticated in the Amazonian basin. Seeds from each locule adhere to each other, forming a structure known as kidney-seed. Since the kidney-seed trait is determined by one major recessive gene (Turcotte & Percy, 1990) , Brubaker et al. (1999) considered it more appropriate to classify the brasiliense race as a domesticated local form. The other race (barbadense) has nonaggregated seeds and is popularly known as "quebradinho". Both races grow as shrubs and are perennials (Freire, 2000) . G. barbadense was largely cultivated in Brazil, during the colonial period, to supply local spinning industry as well as for export to Europe. Its use as a fi ber plant declined after Upland cotton (G. hirsutum var. latifolium) and Mocó cotton (G. hirsutum var. marie-galante) were introduced (Neves et al., 1968) . The higher yields and better lint quality of both exotic cottons caused a slow and gradual substitution of G. barbadense in the Northeast and Southeast regions of Brazil.
The number of plants maintained in situ declined after this variety had lost its agricultural importance, and as a consequence, a process of the reduction of in situ genetic variability of G. barbadense is probably in course. The diversity that exists in Brazil is not satisfactorily represented in germplasm banks, and efforts for increasing the collections have taken place since 2004. The task of germplasm diversity conservation can be made more suitable and effi cient if the conditions of in situ conservation and if the genetic structure of the populations are known.
The objective of this work was to characterize the populations of G. barbadense in the states of Amapá and Pará, Brazil. The DNA from leaf or petal tissues was extracted and purified using a modified CTAB method (Ferreira & Grattapaglia, 1998 25 ng genomic DNA, in a total volume of 20 µL. The fi nal MgCl 2 concentration (ranging from 2 to 4 mmol L -1 ) was adjusted according to the primers used. The following 12 pairs of primers were used: CIR169, CIR148, CIR246, CIR372, CIR381, CIR228, CIR222, CIR272, CIR187, CIR203, BNL1414 and BNL3103 (Liu et al., 2000; Nguyen et al., 2004) .
Materials and Methods
PCR reactions using CIR primers were carried out using an initial denaturation step at 94 o C for 5 min, followed by 35 cycles of the following: 94 o C for 30 s, annealing temperature according to the primer pair (46 o C to 55 o C) for 1 min and 72 o C for 1 min. A fi nal extension step at 72 o C for 8 min was performed. Amplifi cations with the BNL primers were performed using an initial denaturation step at 95 o C for 12 min, followed by 30 cycles of the following: 93 o C for 1 min, 55 o C for 2 min, and 72 o C for 3 min, with a fi nal extension step at 72 o C for 7 min. The amplifi cation products were separated on a 6% denaturing polyacrylamide gel. After the electrophoresis, the gels were stained with silver nitrate (Creste et al., 2001) .
Allelic data were used to estimate the percentage of polymorphic loci, number of alleles per locus, observed heterozygosity (H o ) and Nei (1978) unbiased expected heterozygosity (H e ). The genetic structure was determined using Weir and Cockerham approach to F-Statistics (Weir & Cockerham, 1984 ). The genetic diversity (H e ) and Nei's genetic distance (Nei, 1978) were estimated for groups of plants collected in each municipality; and the variability structure was used to construct a dendrogram using the unweighted pair group method with arithmetic mean (UPGMA). The analysis was performed using the GDA program (Lewis & Zaykin, 2009 ).
Results and Discussion
In both Pará and Amapá states, the great majority of the plants found belonged to the species G. barbadense (Table 1 ). The only two G. hirsutum plants, collected in Amapá, were found in Tartarugalzinho municipality, and were brought from the state of Maranhão by immigrants. In the state of Pará, fi ve G. hirsutum plants were found in the municipality of Tracuateúa, three in Bragança and one in Moju, all of them from unknown origin. All plants of G. hirsutum were of the variety marie-galante and were probably brought from the Northeastern states of Brazil by human immigrants.
Gossypium specimens were mainly found in dooryards, as previously observed in the state of Mato Grosso (Barroso et al., 2005) , in Mexico (Ulloa et al., 2006) , in Peru and in Ecuador (Schwendiman et al., 1986; Westengen et al., 2005) . In Amapá, only one plant was collected in a roadside, and three plants -present in vacant lots -were classifi ed as spontaneous. In vacant lots, the seed dispersal was probably mediated by human activity, since discarded cotton plant material could be found in all the lots. No spontaneous plants were found in Pará, and just four roadside plants could be found. The owners cited four different uses of cotton plants. The less frequent was the ornamental use, with just one plant in Pará. The use of the lint to produce wick and to make cleanings and asepses, in the same way as cotton lint sold in the drugstores, were the third and second more frequent uses reported, respectively. Almost all plants were maintained in the dooryard for medicinal purposes, in both states, while their use to produce textile goods was not documented.
Some plant owners declared that their mother or grandmother used to spin and weave G. barbadense lint in the past, at least 20 years ago, but the ease with which industrialized textile garments can be acquired eliminated these traditional activities. As in the case of textile handicraft, the use of cotton for medicinal purposes is also slowly but gradually being abandoned, mainly due to the expansion of the public medical assistance.
The plants from the two states were similar in almost all the attributes evaluated, but they had different frequencies for two morphologic traits: seed type and leaf color. In the state of Pará, plants with the kidneyseed trait were prevalent (74%), and a higher proportion of plants had red leaves (41%). In the state of Amapá, seed-free plants predominated (71%), and the proportion of plants with red leaves was lower (7%). The seed type allows characterizing the G. barbadense race: connected or kidney-seeds determine the brasiliense race, while loose seeds characterize the barbadense race. The predominance of kidney-seed plants and the great proportion of individuals with red leaves in Pará state were associated with a higher incidence of these plants use for medicinal purposes. The attribution of more intense medicinal properties to the kidney-seed cotton was also mentioned in other places of Brazil (Neves et al., 1968; Barroso et al., 2005) . The inhabitants of Amapá state did not associate specifi c morphological trait with a higher medicinal value, and the most frequent opinion was that all G. barbadense plants had similar medicinal qualities.
No G. barbadense plants were found in natural environments in any of the two states. Surveys failed to localize any such individual, and the reports from local residents agreed with the absence of plants in non-anthropic environments. Few wild populations of G. barbadense were described only in Peru and Ecuador (Schwendiman et al., 1986) , origin center of the species. In other countries, where it was introduced, including Brazil, the species is reported as human-associated. Therefore, the creation of reserves, or any other form of in situ conventional conservation, is not applicable. Due to the reduction in the number of plants maintained by the local population as dooryard plants, the long-term preservation of the existent genetic diversity will rely on the constitution of ex situ germplasm banks.
The 12 pairs of primers used in this study amplifi ed 15 loci, 13 of which were polymorphic, while two were monomorphic. The two populations showed the same percentage of polymorphic loci (87%), and the plants from Pará had a higher number of alleles per locus. The mean number of alleles per locus was 2.53 (Table 2 ). This value is greater than the obtained for G. mustelinum, a rare and endemic cotton native to the Northeast region of Brazil, for wich only 1.5% alleles were amplifi ed per locus (Batista, 2005) ; and similar to that observed in a representative set of Upland cotton cultivars (G. hirsutum var. latifolium), cultivated in Brazil and in lines from Embrapa's cotton breeding program (Bertini et al., 2005; Menezes et al., 2008) . Five exclusive alleles from plants collected in Pará state and three exclusive alleles from plants from the Amapá state were amplifi ed and represented 20.5% of the total number of amplifi ed alleles. Such an elevated number of exclusive alleles was also observed in G. mustelinum (Barroso et al., 2005) . The high proportion of exclusive alleles is an indication that cotton plants from the two states are isolated genetically, and that the level of gene fl ow among G. barbadense from Pará and Amapá is low.
The observed heterozygosity was zero in both states, which resulted in a fi xation or inbreeding index equal to 1 ( Table 2 ). The lack of heterozygosity demonstrates that the plants are multiplied by self-pollination. Cotton does not have any complete self-incompatibility system, and a high level of self-pollination is usually observed in such plants. Nevertheless, cotton plants have large and attractive fl owers to pollinators. Flower-visiting insect species have been described in Brazil (Pires et al., 2006; Silva, 2007) , particularly bees. Thus, an even low level of heterozygosity, as reported by Lacape et al. (2007) , would be expected in a natural setting, and the absence of heterozygous plants cannot solely be explained by the reproductive system of the species. The most probable reason for the absence of heterozygosity in the populations studied is the physical isolation of these plants, which are maintained in situ. In the present study, plants were found in small numbers, usually one to two plants at each collection point, and these points were distant from each other. Furthermore, physical barriers, such as houses and walls, which may hamper pollinator movement, separated the properties where cotton plants were found. Thus, the reproductive behavior of the species and the setting in which the plants are found explain the lack of heterozygosity in all plants and loci evaluated.
This assumption was further supported by the study of the genetic diversity in the populations. The total genetic diversity was found to be high (H e = 0.39), indicating an elevated variability in the populations ( Table 2 ). The diversity within states accounted for most of the variability, even though diversity between them was high, accounting for 36% of the total genetic diversity. This high value, estimated using molecular markers, is in agreement with the results obtained using morphologic markers, particularly in seed type and leaf color, which were quite different among plants from the two states. The clustering analysis, based on the municipality in which cotton was collected (Figure 1) , confi rmed the divergence between cottons deriving from states of Pará and Amapá. Two well-defi ned clusters were formed, one containing plants from Pará state and other from Amapá state. The relatively high value of genetic diversity between states has direct consequences on conservation strategies. It is not possible to prioritize conservation of cotton plants from one state over the ones from the other. Efforts should be made so that cotton from both states would be properly represented in germplasm banks.
The decomposition of the diversity within each state showed that the proportion of variability between cotton plants collected in different cities of Pará state is high (F ST = 0.243), while in Amapá state it is only moderate (F ST = 0.082) ( Table 2 ). In Amapá state, cotton plants collected at the municipalities of Amapá and Tartarugalzinho had the greatest diversity. Among plants from Pará state, those from Bragança and Garrafão do Norte had the maximum and minimum diversity, respectively (Figura 1). The genetic differences observed in populations from both states suggest specifi c collection and ex situ conservation strategies. For Pará state, the strategy should consist in collecting and safeguarding a small number of individuals from a higher number of locations, while for Amapá state, collection surveys could be made in a smaller number of municipalities, in which a great number of plants should be sampled.
As in other regions outside the center of origin, G. barbadense apparently did not occur in natural environments, neither in the state of Pará nor in Amapá. Therefore, the creation of reserves, parks or areas of environmental preservation are not applicable to the species conservation. For adequate achievement of the in situ conservation of the genetic variability Pesq. agropec. bras., Brasília, v.44, n.7, p.719-725, jul. 2009 it would be necessary to recognize the popular knowledge and to value the products generated from these cottons both under the economical and cultural points of view. Due to diffi culties for in situ conservation of genetic variability of the species, and in view of the evidences of losses in diversity already occurring among G. barbadense in both states, preservation in germplasm banks (ex situ) is the best guarantee for long-term preservation of the genetic diversity still found among G. barbadense accessions from Amapá and Pará states.
